This study characterizes daytime acoustic and dive behavior of pantropical spotted dolphins (Stenella attenuata) in Hawai'i using 14.58 h of data collected from five deployments of digital acoustic recording tags (DTAG3) in 2013. For each tagged animal, the number of whistles, foraging buzzes, dive profiles, and dive statistics were calculated. Start, end, minimum, and maximum frequencies, number of inflection points and duration were measured from 746 whistles. Whistles ranged in frequency from 9.7 6 2.8 to 19.8 6 4.2 kHz, had a mean duration of 0.7 6 0.5 s and a mean of 1.2 6 1.2 inflection points. Thirteen foraging buzzes were recorded across all tags. Mean dive depth and duration were 16 6 9 m and 1.9 6 1.0 min, respectively. Tagged animals spent the majority of time in the upper 10 m (76.9% 6 16.1%) of the water column. Both whistle frequency characteristics and dive statistics measured here were similar to previously reported values for spotted dolphins in Hawai'i. Shallow, short dive profiles combined with few foraging buzzes provide evidence that little spotted dolphin feeding behavior occurs during daytime hours. This work represents one of the first successful DTAG3 studies of small pelagic delphinids, providing rare insights into baseline bioacoustics and dive behavior.
I. INTRODUCTION
Baseline data on bioacoustics and dive behavior are limited for many marine mammal species, but are important for studies of ecology and behavior, as well as for assessing the potential for anthropogenic impacts on these animals. Dive data may provide insights into foraging behavior and how animals use the water column, which may be used to inform development of acoustic deterrent devices and alterations to fishing practices or gear to reduce marine mammal bycatch (Westgate et al., 1995; Baird et al., 2001; Mooney et al., 2007; Linnenschmidt et al., 2013) . Basic acoustic data may provide informative context for dive behavior (Watwood et al., 2006) and concurrent sampling of these data types, as with digital acoustic recording tags, can elucidate responses to anthropogenic noise (Tyack et al., 2011) .
Baseline acoustic data are also necessary to inform passive acoustic monitoring (PAM), which is a leading method to study marine mammal occurrence, abundance, and habitat use (Jensen et al., 2009; van Parijs et al., 2009; Hawkins, 2010; Hatch et al., 2012; Marques et al., 2013; Risch et al., 2013) . The development of automated detection and realtime monitoring systems (e.g., Oswald et al., 2007; Baumgartner and Mussoline, 2011) can improve the capabilities and cost-effectiveness of PAM-based surveys by reducing the staffing requirements at sea compared to visual sightings data. However, these approaches require the capability to classify sounds produced by marine mammals to species. Training and validation of classifiers require acoustic data from known species, and some PAM survey methods require call rates from individual animals. These data can be difficult to collect, especially from pelagic animals that may occur in mixed-species groups. Here, we report on one of the first successful efforts to tag small odontocetes with digital a) Electronic mail: tsilva4@umassd.edu acoustic recording tags (DTAGs; Johnson and Tyack, 2003) , an approach that promises to increase knowledge of baseline acoustic and dive behavior of these difficult to study species, and has potential to improve interpretation of PAM data, inform detector/classifier development and aid assessment of anthropogenic impacts.
Pantropical spotted dolphins (Stenella attenuata) are small odontocetes found in lower latitude waters worldwide. Most information about this species comes from studies in the eastern tropical Pacific (ETP) where there are significant interactions with the tuna purse seine fishery (Wade et al., 2007; Scott and Chivers, 2009 ). In the ETP, pantropical spotted dolphins occur in large groups numbering in the hundreds to thousands of individuals (Scott and Cattanach, 1998) . These groups can have large home ranges, sometimes traveling more than 100 km/day (Leatherwood and Ljungblad, 1979; Scott and Cattanach, 1998) . Dive patterns are consistent with nocturnal feeding behavior, with nighttime dives being deeper and longer than daytime dives (Scott and Chivers, 2009) . In Hawai'i, spotted dolphins are typically found in smaller groups (60-65 individuals), as compared to the ETP (Barlow, 2006; Baird et al., 2013) , though group sizes ranging from 1 to 400 individuals have been documented (Baird et al., 2013; Baird, 2016) . Early population assessments using photo-ID and scarring patterns suggested that island-associated pantropical spotted dolphins have smaller home ranges than pelagic populations (Baird et al., 2001) . Limited movement of pantropical spotted dolphins in Hawai'i was also supported by recent work documenting three genetically distinct populations around the main Hawaiian Islands (Courbis et al., 2014) , which have been recognized as distinct stocks by the National Marine Fisheries Service (Carretta et al., 2014) . Like ETP pantropical spotted dolphins, those in Hawai'i also perform longer and deeper dives at nighttime, consistent with nocturnal feeding (Baird et al., 2001) .
There are few studies of acoustic signals from pantropical spotted dolphin. Like many other delphinids, this species produces echolocation clicks, whistles, and burst-pulsed sounds (Lammers et al., 2003) . Oswald et al. (2003) quantified whistle characteristics of ETP pantropical spotted dolphins, reporting minimum and maximum frequencies of 8.2 and 19.7 kHz, respectively. A combined assessment of whistle characteristics from pantropical spotted dolphins in the ETP and in Hawai'i found minimum and maximum frequencies of 8.4 and 18.0 kHz, respectively (Oswald et al., 2007) . However, because whistles from these populations were combined, the extent to which these parameters may vary among populations is not known; geographic variation in whistle characteristics has been documented in other delphinid species and could exist for pantropical spotted dolphins (e.g., Morisaka et al., 2005; Ansmann et al., 2007; May-Collado and Wartzok, 2008; Hawkins, 2010) .
Digital acoustic recording tags present a powerful way to study the vocal repertoire and underwater behavior of cetaceans. DTAGs, equipped with suction cup attachments, hydrophones and multiple sensors (depth, accelerometers, magnetometers), record the sounds an animal produces and hears as well as coincident movement and depth. DTAGs have been deployed on multiple cetacean taxa including various baleen, beaked, and pilot whales (reviewed in Johnson et al., 2009) . The latest version of the tag, the DTAG3, was developed for attachment to smaller odontocetes and was recently used to study the acoustic repertoire of melonheaded whales (Peponocephala electra; Kaplan et al., 2014) . The DTAG3 has yet to be utilized on many species of small odontocetes, despite their relative abundance and the potential influence of noise exposure on large numbers of individuals. This work presents analyses of some of the first DTAG3 data collected from a small, pelagic delphinid species. Our aims were to gather baseline information about bioacoustics and dive behavior of pantropical spotted dolphins in Hawaiian waters and to assess similarity between data collected using DTAG3s and other recording systems (Baird et al., 2001; Oswald et al., 2007) .
II. METHODS

A. Field work
Data were collected in May 2013 off the west (leeward) side of the island of Hawai'i, USA [ Fig. 1(a) ] using field methods as described by Baird et al. (2013) . Briefly, surveys and tagging efforts were conducted from an 8.2 m Boston Whaler. Within leeward Hawai'i Island waters, areas of operation were primarily driven by sea conditions, with attempts made to remain in areas of Beaufort 3 or less and with relatively short swell. Visual observations to spot groups of odontocetes were made 360 around the vessel. A global positioning system (GPS) logged locations every 5 min. All groups of detected odontocetes were approached for species identification, to record GPS location, and to estimate group size. Groups were defined using an 800 m chain rule (Smolker et al., 1992) , where animals within 800 m of each other were considered to be part of the same group. Minimum, maximum, and best estimates of group size were made by consensus of experienced observers on the vessel (four to six observers were on the vessel on any given day). Photographs were taken of individuals for future photo-identification and population studies (e.g., Aschettino et al., 2012) .
In order to apply DTAG3s, the boat gradually approached subgroups, and allowed the animals to bowride. When an animal surfaced near the bow, the suctioncup DTAG3 could be attached with a carbon-fiber pole [Figs. 1(b) and 1(c)]. Tags sampled stereo audio at 500 kHz, with concurrent sampling at 50 Hz of threedimensional accelerometers, magnetometers, and depth. After tagging, the tag boat generally moved away from the tagged animal (ca. several hundred meters) to limit any potential influence on behavior and reduce the boat noise on the acoustic tag record. Tag attachment was monitored by listening to the intermittent very high frequency (VHF) radio pulse of the surfacing tagged animal. The boat stayed with the group (which could be dispersed over several kilometers) to observe group behavior throughout the encounter, and until the tag was released and retrieved.
B. Whistle identification
Acoustic data were initially analyzed in MATLAB (MathWorks, Natick, MA) using a toolbox designed for DTAG3 analyses (available at soundtags.st-andrews.ac.uk/ dtags/dtag-3/). The acoustic recording for each tag was viewed as consecutive 10-s spectrograms [fast Fourier transform (FFT) size 1024 samples, Hamming window, 50% overlap], and start and end times of all visible whistles were marked. A whistle was defined as a tonal, frequency modulated signal greater than 0.1 s in duration (Caldwell and Caldwell, 1970) .
Whistles were visually selected for further analysis using criteria defined by Bazua-Duran and Au (2002) . Whistles that met these criteria had a good signal to noise ratio, a discernible contour with distinct start and end points and little overlap with more than two other whistles. Whistles were extracted using a custom MATLAB script and saved as individual sound files for further analysis (see below).
Tag deployments on the same day overlapped in time and space, resulting in some whistles being recorded on multiple tags. If duplicate whistles were selected for analysis, spectral and temporal measurements were taken only from the whistle of highest amplitude (based on visual inspection of spectrograms). No whistles were measured more than once.
C. Whistle characteristics and comparisons
Whistles selected for further study were analyzed in Raven Pro 1.5 beta version build 21 (Charif et al., 2010;  Cornell Lab of Ornithology, Ithaca, NY). Individual whistle files were viewed as spectrograms (2048 FFT, Hamming window, 75% overlap) with frequency and time resolutions of 244 Hz and 1.0 ms, respectively. A selection box was manually drawn around the fundamental frequency of each whistle. Whistle duration was measured using the length of the selection box. The peak frequency contour (PFC) tool was then used to trace the fundamental frequency of the whistle contour. The PFC tool traces signals according to the points of peak energy along the contour and reports the contour trace as a vector of frequency point measurements. The PFC contour tool would occasionally track portions of higher intensity harmonics. In those cases, the original selection box was split into multiple selections allowing the user to manually adjust each selection box to more tightly encompass the fundamental frequency and eliminate harmonic portions. The user could then view the PFC whistle trace of all selections to ensure that the entire fundamental frequency was traced and could compare the PFC whistle trace of each selection box to obtain the measurements described below.
Using the PFC whistle trace, start frequency, end frequency, minimum frequency, maximum frequency, and number of inflection points were measured from the fundamental frequency of each whistle. These parameters were chosen to provide a comparison with previous studies. Inflection point was defined as a change from positive to negative or negative to positive slope with zero considered a positive value. Frequency range was also calculated for each whistle and was defined as the difference between minimum and maximum frequency in that whistle.
To our knowledge, Oswald et al. (2007) is the only previous study to measure whistle characteristics of pantropical spotted dolphins in Hawaiian waters. In order to test whether measurements of whistle characteristics are similar between whistles recorded with a towed array (as in Oswald et al., 2007) and DTAG3s (our study), we used Wilcoxon tests with a Bonferroni correction to compare each of our whistle characteristics to characteristics measured from a subset of whistles from Oswald et al. (2007) that were also recorded off the west side of Hawai'i.
D. Foraging and dive behavior
As a measure of echolocation-based foraging activity by the tagged animal (hereafter referred to as the "focal" animal), we quantified the number of focal terminal buzzes that followed focal echolocation clicks on each tag. Echolocation-based foraging activity has been described as regularly spaced echolocation clicks that decrease in interclick interval and end with a terminal buzz, which is characterized by a rapidly increasing click rate, presumably during the final phase of prey capture (Johnson et al., 2004; Aguilar Soto et al., 2008; Linnenschmidt et al., 2013; Wisniewska et al., 2016) . The physical attachment of the tag to the animal's body allows coupling of low frequency energy (<15 kHz) from the body to the tag, therefore, focal echolocation clicks and buzzes can be identified spectrally based on the presence of low frequency energy (Zimmer et al., 2005; Johnson et al., 2006) . The number of apparent terminal buzzes on each tag was documented during the initial visual inspection of acoustic data using the DTAG3 toolbox and the same spectrogram settings. Occurrences of buzzes on each tag were plotted on each dive profile.
MATLAB scripts from the DTAG3 toolbox were used to create dive profiles for each tagged animal. For dives to depths >5 m (Baird et al., 2001) , duration, rate (dives/h), and depth were computed. The percentage of time spent in 5 m depth bins as well as the percentage of time spent in the upper 10 m was calculated for each tagged animal and for all animals combined.
III. RESULTS
Five DTAG3 deployments were made across two encounters. One encounter was on May 26, 2013 (two deployments) with an estimated 400 individuals spread over an area of approximately 3000 m by 2000 m, while the other was on May 27, 2013 (three deployments) with an estimated 140 individuals spread out over an area of approximately 500 m by 1600 m (Fig. 1) . Both groups consisted exclusively of pantropical spotted dolphins. When the groups were first encountered the initial behavior noted for both was feeding, with rapid changes in direction indicative of fish chases, flying fish seen associated with the dolphins, and feeding seabirds associated with the groups. During the first encounter no other vessels were present, but on the second day there were between six and 13 fishing vessels associated with the dolphins, primarily trolling through the group attempting to catch yellowfin tuna.
The behavior of focal animals was observed before, during (reaction to tagging) and, when possible, after tagging. Pre-tagging behavior of tagged animals included traveling or bowriding (four animals) or milling (one animal). Reactions to tagging included a fast dive (two animals), an acceleration (two animals), and a flinch accompanied by acceleration (one animal). Three out of five tagged animals quickly (within ca. 5 s) resumed pre-tagging behavior. Two animals were not observed after tagging and their post-tagging behavior was thus not documented. Tag attachments were often toward the flank or peduncle due to the speed and relatively small size of the animals. All tags were deployed between 09:30 and 11:30 local time (Table I ). The shortest and longest tag deployments (h:min) were 0:25 and 5:58, respectively (Table I) .
A total of 8632 whistles were marked from all five tags; some examples are shown in Fig. 2(a) . The vast majority of these whistles were not used for analysis due to overlap with other whistles, clicks, boat noise and flow noise; 746 loud and clear whistles, spread unevenly across the five tags, were selected for analyses (Table I) . Whistle parameters are given in Table II . In general, whistles lasted an average of 0.7 6 0.5 s, contained frequencies ranging from approximately 10-20 kHz and tended to increase in frequency over time, and contained 1 (mean 1.2) inflection point (Table II) . These data were compared to a subset of whistles from Oswald et al. (2007) (n ¼ 46), which had a mean duration of 0.9 6 0.4 s and frequencies ranging from approximately 9-20 kHz (Table II) . Wilcoxon tests with Bonferroni correction showed no significant differences for any whistle parameters measured in the current study and compared with the subset of whistles from Oswald et al. (2007) . Table II summarizes published whistle parameter measurements for several Stenella species and populations. Whistle parameters measured here were similar to those reported for pantropical spotted dolphins in past studies. Notably, frequency ranges for pantropical spotted dolphins reported here and by Oswald et al. (2003) are both substantially higher than values reported for other Stenella species (Table II) . A total of 13 buzzes were recorded on all tags [ Fig. 2(b) , Table I ]. The number of buzzes recorded on individual tags ranged from zero to eight (Table I) . Dive profiles were plotted for all tagged animals ( Fig. 3) and dive statistics were calculated for all excursions below 5 m (Table I ). All tagged animals spent the majority of time in the upper 5 m of the water column, although dive patterns differed among dolphins (Figs. 3 and 4) . Mean dive depth was 16 6 9 m, with maximum depths ranging from 15 to 48 m. Mean dive duration was 1.9 6 1.0 min, with maximum durations ranging from 1.7 to 4.8 min. Tagged animals spent an average of 76.9 6 16.1% of time in the upper 10 m of the water column (Table I) . Buzzes were recorded at the surface and at depth (Fig. 3) . For animals sa146a and sa146b, 7.1% and 8.1% of dives contained buzzes, respectively. No dives recorded for animal sa147d contained buzzes and no buzzes were recorded for animals sa147b and sa147c. The mean depth of buzz production was 5 6 8 m.
IV. DISCUSSION
This paper describes some of the first data collected with DTAG3s from small pelagic odontocetes. Parameters of spotted dolphin whistles recorded with DTAG3s off Hawai'i were not significantly different from those recorded by Oswald et al. (2007) in the same area, despite differences in recording methods; Oswald et al. (2007) used an array of hydrophones towed behind a ship in their study. The similarity in these results suggest that DTAG3 data may also be used as an additional data source for the development of acoustic classification algorithms, which have traditionally been created using towed array data (Oswald et al., 2007) . However, some additional testing of potential differences resulting from these two recording methods should be used when initially integrating DTAG3 data into such classifiers; we suggest additional data collection to corroborate the results here, as the five recordings reported here from two different groups of animals over two encounters represent a small sample size. Additional data collection from pantropical spotted dolphins and other species using DTAG3s and comparisons with data collected using towed arrays would help test for similarities between these platforms which would support incorporation of DTAG3 data into automated detection and classification algorithms.
Baseline bioacoustic data are essential for development of automated detection and classification techniques, but these data can also improve PAM studies of habitat use and occurrence patterns. However, variability in species' whistle characteristics caused by population differences can make classification to species challenging for PAM studies and may limit classifier use to specific geographic regions. Notably, such population-level variability has been found within several different delphinid species. For example, whistle frequency parameters differ among populations of short-beaked common dolphins (Delphinus delphis; Ansmann et al., 2007) , Indo-Pacific bottlenose dolphins (Tursiops aduncus; Hawkins, 2010) , and common bottlenose dolphins (Tursiops truncatus; May-Collado and Wartzok, 2008). Furthermore, spectral and temporal whistle characteristics and vocal behavior are known to be influenced by factors such as group size, whistle type, behavior, stress and ambient noise levels (Morisaka et al., 2005; Ansmann et al., 2007; May-Collado and Wartzok, 2008; Rankin et al., 2008; Esch et al., 2009; Hawkins, 2010) , which all may vary across time and space. Around the main Hawaiian Islands, three insular populations of pantropical spotted dolphins have recently been designated: an O'ahu stock, a 4-Island stock and a Hawai'i Island stock (Caretta et al., 2014) . Whistles in the current study and the subset of whistles from Oswald et al. (2007) were recorded off the west side of Hawai'i Island, both within the stock boundary for the Hawai'i Island stock (Caretta et al., 2014) and no significant differences were found; however, the extent to which differences exist among these three populations and the Hawai'i pelagic stock, or with ETP populations, is currently unknown. Interestingly, the frequency range of whistles measured here and those measured by Oswald et al. (2003) are at least 2.7 kHz higher than frequency ranges reported for other Stenella species (Table II) , suggesting that frequency range could be an important parameter for species identification. Future DTAG studies of small delphinids would improve our understanding of the variability within and among individuals, groups and populations and may help inform PAM studies.
Dive behavior of pantropical spotted dolphins has been previously studied in Hawaiian waters. Using suction cup-attached time-depth recorders, Baird et al. (2001) found mean daytime dive depths (of dives >5 m) of 12.8 m, and mean durations of 1.43 6 0.25 min. They also found that animals spent 88.5% of daytime hours in the upper 10 m of the water column. We found mean daytime Oswald et al. (2007) dive depths of 16 m, mean dive durations of 1.9 6 1.0 min, and that animals spent 76.9% of time in the upper 10 m of the water column (Table I, Figs. 3 and 4) . The slightly greater mean dive depth and dive duration reported here were largely due to a greater number of dives and overall deeper dives by one tagged animal, sa147d (Table I, Fig. 3 ). Mean dive depths for the other four tagged animals were much closer to the mean value reported by Baird et al. (2001) (Table I) .
A new observation reported here and another advantage of the DTAG is the acoustic identification of potential echolocation-based foraging behavior by individual tagged spotted dolphins, indicated by the presence of apparent terminal buzzes preceded by echolocation clicks (Johnson et al., 2004; Aguilar Soto et al., 2008; Linnenschmidt et al., 2013; Wisniewska et al., 2016) . Some feeding behavior was visually observed when the groups were first encountered in the present study, which is supported by the presence of echolocation clicks followed by terminal buzzes on some tags. However, not all tags recorded these terminal buzzes, nor were they abundant on the tags (Table  I) . Few foraging buzzes combined with shallow daytime dive statistics provide additional evidence that foraging by pantropical spotted dolphins occurs mainly at night (Baird et al., 2001; Scott and Chivers, 2009 ). More detailed visual observations paired with tagging may help in defining finescale, daytime acoustic and dive behavior more thoroughly. In addition, DTAG deployments that extend through the night would help define diurnal patterns of dive and acoustic behavior.
Acoustic tag data are not only useful for studies of baseline behavior, but are also valuable for studying impacts of noise on cetaceans. However, until recently, DTAG deployments on small odontocetes have been limited by the comparatively large size of acoustic recording tags and the active behavior of the study animals. This is only the second published study to demonstrate deployment of acoustic tags on a small pelagic delphinid species (see Kaplan et al., 2014) . Small pelagic delphinids have some of the highest densities for marine mammals at sea; they often travel in large groups of hundreds of animals (Rankin et al., 2008) and thus anthropogenic activities can expose many individuals (i.e., high numbers of "level B takes" in terms of the U.S. Marine Mammal Protection Act). This study demonstrates the feasibility of using tags to evaluate vocal and behavioral responses of these animals to increasing levels of anthropogenic noise, as well as the potential utility of acoustic recording tags to inform development of automated detectors/classifiers and improve interpretation of PAM data. 
